NOTICE 


THIS DOCUMENT HAS BEEN REPRODUCED FROM 
MICROFICHE. ALTHOUGH IT IS RECOGNIZED THAT 
CERTAIN PORTIONS ARE ILLEGIBLE, IT IS BEING RELEASED 
IN THE INTEREST OF MAKING AVAILABLE AS MUCH 
INFORMATION AS POSSIBLE 



a 




31.4 «Hi ParwMtrlc /yiipllfUr 


Joehwi Edrtch 
Unlv«r*lty of Donvor 
Oonvor tosoorch Instituto 
(In Ivors I ty Park Station 
Donvor, Colorado 80208 



’ ({JA.iA-CM-l»>Ob4J) Tilt J1.4 GHz i^AIURtTHlC Nbl-^lGJoO 

hrti'L J I i£.l> tiudi Hol^OLt, lo ttdt. 197J - JO 
Hov. 197 7 (JuliVtiC Uuiv.) S HC A02/tllr' AJl 

CtCL 09 a Uucid^i 

' GJ/JJ 19791 


Final Roport for tho Porlod 
March I6, 1973* Movambar 30, 1977 




Praparad for 

GOOOARD SPACE FUG^IT CENTER 
Graanbalt, Maryland 20771 


UNIVERSITY OF DENVER • DENVER RESEARCH INSTITUTE 

COlOnAOO S( MINAMV 



TECHfitCAl. «CPORT STAHOARO TITLE PACE 


R«>>«rf N*i 3< A(c«»»I«a N*> 

Four 

3i C«f«lo9 

4,-rnl* iubtitu 

3).^ GHz Parametric Amplifier ' 

5. R«ppft pofp 

January 1978 

6 * P«r forming Orgoniiofion Co^o 

^ 7 i AuiSo({.) Edrich 

8> Porformlng Orgonliofltn Rtprft 

ii872-6 . _ 

9. PtffiVfmlhg O<g<fflltotl»« N«^* •t*J Add*»»» 

Denver University,, Denver Research Institute 
University Park 
Denver, Colorado 80208 

Work Unit Ho. 

11 . ConMocI *f Cronf No, 

NAS 5-23190 

13. Typ* R*p*if ood P*rl*d C***«*d 
Final Report, 

March 16, 1973 - 

November Rni 1C77 ... 

12) Sppnioting AsP^cy Mom* *i*d Addf*»* 

Goddard Space FI ight Center 

Greenbelt, Maryland 20771 

Techn, Officer: R,W. Hobbs/Code 683 

14* iponioring Agoncy Cb4« 

15, 5uppl*m*fiUry K*t*» 

None 

Abitroct 

A degenerate parametric amplifier for 31 GHz was studied, designed 
and constructed. Good mechanical stability and a wide bandwidth 
of about 800 MHz have been achieved using Schottky barrier varactors 
mounted in specially designed Sharpless wafers and a fixed tuned 
ampl i f ler mount . 
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The objective of this contract was to develop, construct and 
test a parametric ampUfler for 31*^ GHz with the following design goal: 

3 db instantaneous bandwidth - 800 MHz 
gain - I8 db 

second stage noise temperature - lOOO* (DSB) 

Input VSWR - 1.25:1 
IF Range - ’0 to 500 MHz 
Pump Frequency - 62.8 GHz 

Noise temperature (DSB) of amplifier Including mixer 
preamp - T = 190K. 

In agreement with theoretical predictions a bandwidth of over 
800 MHz for a gain of 18 db, an input VSWR of 1.25:1 and a degenerate 
operation at 31-^ GHz were achieved. The noise temperature of the ampli- 
fier was measured to be in excess of 400K (OSS) and could not be reduced 
to the design goal within the existing time limits and with the limited 
equipment supplied by GSFC to the contractor. Based on significantly better 
performance achieved by our group with a k7 GHz paramp radiometer it is 
evident that significantly lower noise can be accomplished for a wide band 
amplifier with sufficient high-quality test equipment being available. 
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2^ 31.^ GHz Parametric Amplifier Design 

2t 1 Varactor Diode Development 

Initial theoretical work on the amplifier design indicated that 
a Junction diameter of 3 to 5 would give the best compromise between 
low pump power, lovv noise temperature and wide bandwidth for a degenerate 
paramp with a center frequency of 31. A GHz. In order to minimize the 
stray capacitance anc, the loss of the v^hlsker contacting the Schottky 
barrier Junction, and to maximize the mechanical rigidity of the diode 
structure, the optimum length, diameter, and taper length of the electrically 
pointed phosphor bronze whisker was found to be 0.25, 0.025 and 0.3 pm, 
respectively. 

Shaping the whisker in form of an L was also found to result in 
improved stability and reproducibility. Problems associated with non- 
uniform etching of the whisker tips were overcome by an optimized chemical 
composition of the etching fluid and a better mechanical movement of the 
micrometer Jig holding the whisker post. A varactor wafer of this design 
was thereafter constructed, tested and finalized. 

2.2 Circulator 

Theoretical studies on the overall amplifier system led to a 
circulator specification of 0.6 db max. insertion loss and ifO db minimum 
insertion loss in front of the amplifier. This way the specified noise, 
bandwidth and match can be accomplished. Subsequently, such a device was 
purchased, received, tested and found to meet the above specifications. 

2.3 Amplifier Circuits 

First work on the amplifier mount centered on the search for an 
optimum way for a broadbanded interaction of the junction with pump and sig- 
nal circuits. An equivalent circuit modeling the junction -whisker structure 
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vib, a capacUively loaded post in a rectangular waveguide proved to be a 
good tool for studying the overall frequency response, of the ampliiicr, 

Based on these studies an ampl if ier mount including its associated pump 
and signal circuits was designed and constructed. Subsequently, rf test” 
ing of the ampl i f ier al so incorporating the varactor and the circulator was 
started . 

2.4 Amp 1 i f ier Test Results 

First rf tests of the amplifier showed an excellent bandwidth 
of 800 MHz with electronic gain of 18 db, However, the mid'oand frequency 
was too high. Retuning of all circuits involved resulted in a significant 
reduction of the bandwidth, probably caused by undesirably stagger tuning 
of the signal and pump circuits. Later on this effect was eliminated; 
however, the noise level was relatively high (> 500K OSB)., 

While trying to reduce this noise the pump klystron which was 
supplied by GSFC deteriorated to the point that it was no longer usable. 
After consulting with the Technical Officer it was returned to Varlan for 
warranty repair. This equipment failure delayed the work on the project 
almost one year* 

Another equipment problem was caused by a sweeper main frame; 
it was not: provided for by GSFC and therefore had to be obtained for several 
short term loans from NBS allowing only short laboratory tests with frequent 
long waiting periods. Our own solid state sweeper (provided from other 
fund sources of the University) arrived late and therefore was not avail- 
able before the end of this contract. 

2.5 New Technology 


None. 
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